All lungs were cut into sagittal slices 1 to 1 5 cm. thick and examined with a dissecting microscope. The slices from fluid-fixed lungs were impregnated with barium sulphate and studied under water (Heard, 1958). The lungs from the 138 random cases and from about half of the cases of severe emphysema were examined without knowledge of the patient's age, sex, clinical history, or necropsy diagnosis. The presence and severity of emphysema were assessed in each of 10 zones, which corresponded approximately to the classical segments of the right lung. These were anterior, posterior, and apical zones in the upper lobe; superior, anterior, posterior, medial, and lateral zones in the lower lobe; and superior and inferior zones in the middle lobe or lingula. This system was used irrespective of side, but, when both lungs were available, the right was used.
A clinico-pathological study of Montreal, Canada In 1951 Monroe found that the clinical and the pathological diagnoses of emphysema agreed in less than 5% of patients. His study, performed at a leading American hospital, is a convenient reference point since it antedates the widespread use of diagnostic pulmonary function tests as well as the recent advances in the morbid anatomy and methodology used for the pathological diagnosis of emphysema. It might be anticipated that a much better correlation could be achieved to-day, and the first part of this paper will show that this is the case. This study also provided an opportunity to investigate the relationship between emphysema, as a disorder of anatomy, and various conditions such as chronic bronchitis, fibrocystic disease of the pancreas, and peptic ulcer. This was particularly interesting since the relationship of these conditions to emphysema had previously been derived from the diagnosis of emphysema by clinical means, by inadequate pathological data, or by simple tests of pulmonary function. To some extent this study reflects a difference in attitude toward chronic lung disease between workers in the United States and in the United Kingdom, and this may be of particular interest to the British reader.
MATERIALS AND METHODS
One hundred and fifty-nine cases from the necropsy service of the Massachusetts General Hospital were studied. One hundred and thirtyeight were adult patients who had died in preselected weekly periods and were representative of the necropsy population. The remaining 21 were examples of severe emphysema encountered at times other than the preselected periods. Lungs from the 138 random cases and from 18 of the 21 cases of severe emphysema were distended by positive pressure with intrabronchial formalin until they were considered to be fully expanded. The bronchus was then clamped and the lungs were left overnight in a large tank of formalin. Subsequent experiments have shown that the volume of lungs prepared in this way is 232 + 10 % less than their volume at maximum inflation produced by a constant intrabronchial pressure of 43 cm. of formalin for 12 to 14 hours. Lungs from two cases of severe emphysema were inflated at a constant pressure of 12 cm. of formalin. Lungs from five cases of severe emphysema were fixed and air-dried with formalin gas and alcohol vapour at a constant pressure of 12 cm. of water for seven days. In four of the latter group the other lung was distended by intrabronchial formalin to apparently full inflation.
All lungs were cut into sagittal slices 1 to 1 5 cm. thick and examined with a dissecting microscope. The slices from fluid-fixed lungs were impregnated with barium sulphate and studied under water (Heard, 1958) . The lungs from the 138 random cases and from about half of the cases of severe emphysema were examined without knowledge of the patient's age, sex, clinical history, or necropsy diagnosis. The presence and severity of emphysema were assessed in each of 10 zones, which corresponded approximately to the classical segments of the right lung. These were anterior, posterior, and apical zones in the upper lobe; superior, anterior, posterior, medial, and lateral zones in the lower lobe; and superior and inferior zones in the middle lobe or lingula. This system was used irrespective of side, but, when both lungs were available, the right was used.
Representative abnormal and normal areas were photographed in all cases, usually through the dissecting microscope, and the corresponding areas taken for histological study. Serial for centrilobular and severe panacinar emphysema was used. It was found possible to recognize alveolar duct emphysema (Heppleston and Leopold, 1961) , all examples of which were considered mild or grade 1. This form of emphysema is regarded as a variant, probably an early stage, of panacinar emphysema. These two forms of emphysema were frequently encountered in the same lung, or within the same areas of the same lung, and at times they merged imperceptibly into each other.
Irregular emphysema was ignored in the final grade since it was present in most cases, and no evidence was found that it was functionally significant when present alone. Paraseptal emphysema was occasionally observed, but was disregarded in the grading system since it was invariably associated with other forms of emphysema which overshadowed it. Where two types of emphysema were present in the same zone, the higher grade was used, thus the value never exceeded 3 units per zone. Regrading of 15 lungs showed good reproducibility (r=0-98).
The detailed anatomical pathology of these cases is described elsewhere. About half of the random cases showed emphysema which could be classed as centrilobular, panacinar, or alveolar duct types.
The Table I . Figure 2 shows the percentage of cases in groups 1 to 4 in which the diagnosis of emphysema was made clinically, radiologically, or on the death certificate.
Each diagram in Fig. 3 shows the incidence of a particular condition in groups 1 to 4 expressed as a percentage of each group. The probability factor (P) of the irregularity of distribution It has been pointed opjt that the major difference in mortality statistics for chronic lung disease between the United Kingdom and the United States is the 45 times greater mortality ascribed to chronic bronchitis in the United Kingdom (Fletcher, 1959) . This was illustrated in this series by the fact that chronic bronchitis was considered as the cause of death only once, and it was never recorded under 'other significant conditions'. CHRONIC BRONCHITIS The association between chronic bronchitis and emphysema is a long and honourable one. It was described by Laennec (1838) , who thought that emphysema resulted from bronchitis. Andral, annotating Laennec's book, and other authors (Louis, 1838; Waters, 1862) (Bates, Woolf, and Paul, 1962 A curious anomaly was noted in the control group. This group, though consisting almost entirely of men, had a lower incidence of chronic bronchitis than the 138 representative random cases. Although this is surprising, the incidence is within two standard errors and may thus have arisen by chance. SMOKING Lowell (Lowell, Franklin, Michelson, and Schiller, 1956a, b; Franklin and Lowell, 1961) , in particular, has stressed the relationship between smoking and emphysema. However, in a series of patients diagnosed as having emphysema on the basis of airway obstruction, hyperinflation of the lungs, and impaired mixing, Gaensler and Lindgren (1959) found that only 69% were smokers. In view of the well-known association between bronchitis and smoking (Oswald, Harold, and Martin, 1953; Palmer, 1954; Oswald and Medvei, 1955; Leese, 1956) , it is possible to postulate that the expiratory airflow obstruction observed by Lowell and his associates, and regarded by them as evidence of emphysema, was due to bronchitis rather than to emphysema. However, a striking relationship was found between smoking and emphysema in this series. No patient with severe emphysema, and only two patients with moderate emphysema, denied smoking. These two patients, one a barman and the other an ex-chorus girl, both died from cirrhosis of the liver and denied drinking as well as smoking. In addition, the patients with severe emphysema were heavier cigarette smokers than those without. The high incidence of smokers among the patients with severe emphysema cannot be explained on grounds of the difference in age and sex, since the control groups, with the same age and sex distribution, had smoking habits similar to those of the 138 random patients.
PULMONARY INFECTIONS A history of past chest infections other than bronchitis was analysed because a number of patients with severe emphysema dated the onset of dyspnoea from the time of a pulmonary infection. The difference between the groups is significant, but no interpretation could be made from the data because the nature of the previous illnesses could rarely be substantiated from previous admission records. It is conceivable that many of these episodes were attacks of acute bronchitis, diagnosed by the patient or his physician as pneumonia.
ASTHMA The diagnosis of asthma was made more frequently in the patients with severe emphysema. Whether or not this is 'true asthma' is questionable, but at a significant statistical level this group more frequently had spasmodic attacks of wheezing and dyspnoea, usually associated with pulmonary infections. The onset in all occurred in middle life. The patients in the other groups, with asthma and little or no emphysema, were similar clinically, except that they did not die with or of respiratory failure. No case of juvenile asthma was included, and no patient died of status asthmaticus. The above analysis does not contradict Gough's observation (1955) that patients with a long history of extrinsic asthma do not have emphysema, nor is it suggested that asthma was the cause of emphysema. It merely states that patients who have severe emphysema more frequently have asthma, as diagnosed in Boston, although many British observers would call this bronchitis. It does stress the importance of distinguishing between middle-aged men with asthma and severe emphysema and those with little or no emphysema, since the former died of chronic lung disease whereas the others did not. This is clearly a difficult distinction to make, but it can be done by tomography (Fraser and Bates, 1959) or by measurement of the diffusing capacity (Bates, 1958 (Polgar and Denton, 1962 CHRONIC PEPTIC ULCER Many studies have shown that the incidence of peptic ulcer in patients with emphysema is high (Cohen and Jenney, 1962; Flint and Warrack, 1958; Fulton, 1953; Green and Dundee, 1952; Latts, Cummins, and Zieve, 1956; Lowell et al., 1956a; Plotkin, 1957; Silen, Brown, and Eiseman, 1959; Zasly, Baum, and Rumball, 1960) . The diagnosis of emphysema has been made on clinical and pathological data, and the incidence has generally been two to three times that expected. Figure 3 shows that the high incidence of peptic ulceration in patients with severe emphysema has been confirmed. Seven (23 %) of the patients with severe emphysema had chronic peptic ulcer, three of them antedating the symptoms of emphysema. There is also a stepwise increase in the incidence of chronic peptic ulcer with increasing severity of emphysema in the groups, but statistical analysis shows that this difference is not significant (P>010). The incidence of chronic peptic ulcer in the control group, of the same age and sex, is about the same as that in the patients with severe emphysema. Therefore, in this series, the increased incidence of ulcer in patients with severe emphysema is linked to age and sex and is, in any event, not statistically significant.
Adequate control groups were not used in the reports mentioned above, but Cohen and Jenney (1962) reported that the incidence of peptic ulcer in patients dying of pulmonary tuberculosis was almost identical with that in patients dying of emphysema. Although the tuberculosis group was not designed as a control, the age and sex distribution was similar. The raised incidence of peptic ulcer in both groups supports the above contention that this increase may be due to a large extent to age and sex selections within the groups. It should also be noted that Flint and Warrack (1958) and Fulton (1953) found an increased incidence of acute peptic ulcer but not of chronic ulcer.
COR PULMONALE Cor pulmonale was found in 12 (40%) of the patients with severe emphysema and in one (5 %) of the patients with moderate emphysema. This patient had 11 units of emphysema, i.e., he was one of the more severely affected patients in the moderate emphysema group. These observations are in agreement with those of Sweet, Wyatt, Fritsch, and Kinsella (1961) , who found a good correlation between the severity of emphysema and cor pulmonale, but not with those of Cromie (1961), who found no correlation. Our series was too small, and the type of emphysema was so frequently mixed that the difference of opinion between Sweet et al. (1961) , who maintain that cor pulmonale is more common in panacinar emphysema, and Leopold and Gough (1957) , who found it to be more common with centrilobular emphysema, could not be evaluated. Cor pulmonale was found more commonly in patients with clinical evidence of right heart failure, but the relationship between emphysema, right heart failure, and cor pulmonale is complex, since patients with apparently identical lungs differed in clinical presentation and degree of right heart hypertrophy. 
